Gamification is increasingly implemented in citizen science projects as a means of motivating and sustaining participation. In a survey and subsequent interviews we explored the appeal of gamification for participants in the Old Weather project, and its impact upon data quality. We found that the same competitive mechanisms which some volunteers found rewarding and motivating were either ignored by other participants, or contributed to a decision to discontinue participation. We also identified an opportunity to use gamification to exploit the narrative appeal of a project such as Old Weather. In contrast to previous citizen science research, much of which focuses on how to support the most active or prolific contributors, we offer new design recommendations which recognise varying levels of engagement with a project.
INTRODUCTION
In citizen science projects, members of the public (citizens) collaborate with professional scientists to conduct scientific research [1] . The tasks that are crowd-sourced to the public are often repetitive. For example, in Old Weather [2] volunteers are asked to transcribe page after page of handwritten weather observations. Previous research suggests that gamification -the use of game design elements in non-game contexts [3] -can help to make repetitive tasks more enjoyable [4] and sustain volunteers' engagement [5] . However there are also concerns that gamification could have an adverse effect on data quality [6] and that it might not appeal to all volunteers, some users preferring a 'more serious' interface [7] .
In this paper we present our case study of Old Weather, which aimed to investigate the appeal of gamification for participants irrespective of the extent of their engagement in the project. First we describe how (and why) gamification was employed in Old Weather. Then we describe and discuss our research findings. We conclude with a series of design considerations and challenges for gamifying citizen science projects.
OLD WEATHER
Old Weather [2] was launched by the Zooniverse citizen science consortium in October 2010. Volunteers visit the website where they can read through handwritten pages of 19 th century ship log books. Their task is to transcribe the weather observations that were recorded daily. They can also, optionally, transcribe any other information they deem important, such as battle action or movements of personnel. Scientists use the digitized weather data for climate modeling. The digitized logs are used by naval historians for historical research. The Old Weather team recognized that the volunteers' task was repetitive and the handwriting difficult to read, so they added a ranking system recognizing the level of contribution made by each volunteer as a way of encouraging participation. There are three levels through which a volunteer can progress when they 'join a ship'. Each volunteers starts as a Cadet. Once they have transcribed more than 30 weather observations from one ship they are promoted to Lieutenant. The top transcribers in each ship can then compete to be Captain -the person who has the most contributions for that particular ship. Importantly, this position of Captain can be lost again once 
RESEARCH METHODOLOGY
In this paper we draw upon qualitative data from two studies: a survey study (S) that was conducted during July 2012 with 545 respondents; and a semi-structured interview study (I) that was conducted from December 2012 to May 2013 with 18 participants. These studies were conducted as part of our wider work on understanding volunteers' motivations for participating in (and dropping out of) Old
Weather. An invitation to complete the survey was emailed to all registered users of Old Weather, and placed on the project forum. It comprised 16 questions covering participants' background and their motivations for taking part. Follow-up interviews were conducted with selected respondents. In this paper we present only qualitative results relevant to gamification. Themes were derived using the qualitative method Thematic Analysis [9] . To provide further context, we also report the person's total number of transcriptions (t), where available.
RESULTS

Positive Views of Gamification
Validation
In line with past research [5] , intrinsic factors (e.g. an interest in naval history and/or climate change) were important motivations for taking part in Old Weather. Being part of the project and helping the researchers was rewarding in itself. The ranking system served as an additional reward system, validating volunteers' efforts: With only one Captain for each ship, some people felt that they could never catch up, or were unable to take a break without sacrificing their position, such that they actually felt less motivated to contribute:
"It was kind of a downer to come back and find after a few days that the number of transcriptions necessary to make captain had doubled" (S)
Stressful
There were also negative aspects to being Captain. Trying to retain the status of Captain could sometimes be stressful or exhausting, even for those that admitted that the competition had pushed them forward: Within the research setting of citizen science too, competition may be viewed as running contrary to the serious scientific objectives of the project, and belittling of the volunteers' often considerable efforts (for instance, our interviewees described carrying out extensive online research to establish the location of obscure places mentioned in the logs). One Old Weather volunteer made the point that this "was not an online game, this was a research project" (I5 -260t).
Temporal Dynamics
Consistent with Rotman et al. [10] , we found that participants' motivations shift over time. With respect to the effectiveness of games-like features specifically, this temporal dynamic may be cyclical:
"I grew a bit hot and cold on it myself. There were certain things where I was determined to hold onto my Captaincy, and sometimes it really annoyed me…" (I3 -22389t)
The impact may decline as participation moves beyond the initial phase of engagement: Some participants found themselves hurrying through the transcription task, not necessarily out of a concern to attain promotion to Captain, but just "to go fast enough to see most of the log pages for that ship" (S -7117t). Similarly: This shares similarities with narrative immersion (also known as imaginative immersion), which is a key component of gameplay experiences [12] . We suggest there could be an opportunity to take advantage of the narrative appeal of projects like Old Weather, to apply game-like features which promote immersion in stories, including the emerging story of the project itself as it progresses.
DISCUSSION AND CONCLUSIONS
We found that the same competitive gamification mechanisms which motivated some leading volunteers were either ignored by more casual participants, or contributed directly to the decision to discontinue participation. This has important implications for offering a balanced range of game-like features in citizen science platforms, so as to support and encourage the most consistently active and prolific contributors, whilst simultaneously seeking to minimize attrition, and to capture the attention of new volunteers trying out the project.
Another key finding is the opportunity to build upon the 'compulsive', 'addictive', 'absorbing', and 'fascinating' aspects of projects such as Old Weather that have a narrative appeal. This opens up some interesting possibilities for future research, as gamification in citizen science is currently almost exclusively discussed in quantifiable competition and reward terms, based upon the accrual of points, levels, badges, and scoreboards [6, 7] .
We propose the following design considerations for motivating and sustaining participation through gamification in citizen science:
• Ensure any scoring mechanism can provide personal milestone targets alongside competitive incentives. More finely graduated stages of progression would help volunteers feel their contribution is valued at all times.
• Design personalized feedback into the game as a means to recognize quality rather than quantity. Enable participants to assess the accuracy of their contributions, and to learn from and correct their mistakes.
• Recognize that the appeal of game-like features will vary between participants and over time. Interviewees' suggestions for keeping or re-invigorating their interest included scheduled challenges or prize draws, perhaps for teams rather than individual contestants.
• Take advantage of the narrative appeal -"oh, I can get one more done before I go to bed, alright, I'll do one more" (I15 -50t). Allow participants to choose and follow their own narrative path through the project. For Old Weather, for instance, this might entail offering transcription choices according to location, or time period, or enabling participants to read through or catch up on other volunteers' transcripts relevant to their personal affiliation to a particular ship.
